
Unit :2     Linear Applications of Op-Amp

• Inverting amplifier: 

• The signal to be amplified (Vs) has been connected to the inverting terminal via 
the resistance R1. Change in output. The other resistor Rf connected between the 
output and inverting terminals is called as feedback resistance. It introduces a 
negative feedback. 

• Closed loop gain Avf = V0/Vs 
• = -Rf/R1 

• The negative sign indicates that there is a phase shift of 180 degree between 
input and output voltage. 

• Non inverting amplifier: 
• The negative feedback is incorporated in this circuit via a feedback resistor Rf

which is connected between output and inverting terminal of OP-AMP. 

• Closed loop voltage gain Avf is given as: 

• Avf = Vo/Vs= 1+Rf/R1. 



Comparison of the ideal inverting and non- inverting op-amp

Ideal Inverting amplifier Ideal Non-inverting amplifier

1. Voltage gain = - Rf/R1 1. Voltage gain = (1+Rf/R1 )                                         

2. The output is inverted with respect to 

input

2. No phase shift between input and 

output

3. The voltage gain can be adjusted as 

greater than, equal to or less than one

3. The voltage gain is always greater than 

one

4. The input impedance is R1 4. The input impedance is very large







Summing, Scaling, and Averaging Amplifiers (Three Inputs)
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Fig. Inverting Configuration with Three inputs can be used as a Summing, 
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Mathematical Analysis for 2 Inputs Summing, Scaling, and Averaging Amplifiers 



• From above circuit by applying KCL at Node V2.

• I1 + I2   = IB + IF

• Since  Ri and  A  of the OP-AMP are ideally infinity,  

• Therefore, V1=V2 = 0 V,    Also IB = 0  amp.

• Therefore, I1 + I2 = IF

• Va/Ra + Vb/Rb = - Vo/Rf

• So, VO = - Rf (Va/Ra + Vb/Rb)        -------------- This is the imp. relation

• If Ra = Rb = Rf = R 

• Then Vo = - (Va+ Vb)             ………………………Summing

• Vo = - (Rf/Ra *Va + Rf/Rb * Vb) ………………..Scaling Amplifier.

• If Rf/R =1/n = ½ ,   Vo = -1/2 (Va + Vb) ……………………Averaging Amplifier

• Where n = no. of inputs



Example : Design an Adder circuit using an op-amp to get output expression as

Vo = - (0.1 Va + Vb + 10 Vc). Draw the circuit Diag.

Where Va, Vb, and Vc are the inputs

Solution : 

Comparing Given Equation with std. equation, we get

Rf/Ra = 0.1 ,  Rf/Rb = 1,   Rf/Rc = 10

Assume  Rf = 10 k, Find Ra, Rb, Rc

Ra = 100 K , Rb = 10 K , Rc = 1k

Then the desired ouput expression is Obtained. 

------ this is the std. equation









V1

V2

Basic Differential Amplifier Circuit (using one op-amp ) and also Acts as a 
Subtractor

V1

V2

For basic DIFF to act, condition is to be
R2= R1 and R3 = Rf

=





Exercise 1: Find output voltage for the circuit shown

Use Superposition theorem to find Vo , ie. Consider one input at a time with other

input connected to ground.





Exercise 2 :  If the op-amp in the figure is ideal, the output voltage Vout will be equal to

Options a. 1 V       b. 6 V     c.    17 V      d.  18 V                 GATE question

Vo





Two op-amp DIFF AMP

Show that Vo = (1+ R2/ R1) (V2 – V1)

=(R2) =(R1)

Hint:- first calculate the output voltage Vo in terms of R1, R2, R3, n R4 and then substitute 
the condition  R3= R2  and  R4= R1 ( necessary condition for DIFF AMP to act)



Instrumentation Amplifier (using Three OP-AMP)
In a number of industrial and consumer applications, the measurement of

physical quantities is usually done with the help of transducers.The output of

transducer has to be amplified So that it can drive the indicator or display system.

This function is performed by an instrumentation amplifier.

The important features of an instrumentation amplifier are:

i) High gain Accuracy

ii) High gain Stability with Low temperature coefficient

iii) High CMRR

iv) Low dc offset

v) Low output impedance

vi) High Slew Rate
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therefore we get (VA-VB ),        so that ,     Vo= (R2/R1). (VA-VB)
Vo = (R2/R1) .(1+2 R2/RG) .(V1-V2)                                

Where,  (R2/R1 ) is Gain of 2nd stage , and (1+2 R2/RG) is Gain of first stage
Output voltage = overall gain * Input Difference



Various Circuits of IA



D.A.  Stands for Differential Amplifier





Basic Integrator





Drawbacks of ideal integrator:
1. Bandwidth is very small and used for only small range of input frequencies.
2. For dc input (f = 0), the reactance of the capacitance, Xc, is infinite. Because of this
op-amp goes into open loop configuration. In open loop configuration the gain is
infinite and hence the small input offset voltages are also amplified and appears at
output as error. This is referred as false triggering and must be avoided.

:- Due to all such limitations, an ideal integrator needs to be modified.
:- Some additional components are used along with ideal integrator circuit to reduce

the effect of an error voltage in practice.
This modified integrator is referred as “Practical Integrator”.



Practical Integrator (lossy integrator)
1) The gain of an integrator at low frequency can be limited to avoid the saturation 

problem, therefore to avoid saturation of the op amp the feedback capacitor is shunted 
by a resistor Rf. 

2) The parallel combination of Rf and Cf behaves like a practical capacitor which dissipates 
power, unlike an ideal capacitor. 

3) For this reason this circuit is also called a lossy integrator. The resistor Rf limits the low 
frequency gain to (-Rf/R), generally [Rf=10*R1] and thus provides DC stabilisation.

Applications:
1) Op-amp integrating amplifiers are used to perform calculus operations in analogue 
computers.
2) Integrating circuits are most commonly used in analogue-to-digital converters, ramp      
generators and also in wave shaping applications.
3) Another application would be to integrate a signal representing water flow, 
producing a signal representing the total quantity of water that has passed by the flow 
meter. This application of an integrator is sometimes called a totalizer in the industrial 
instrumentation trade.



https://www.youtube.com/watch?v=a7uyGer_aNY











Practical Integrator



Frequency Response of Basic Integrator and Practical Integrator

=fa =fb



Design steps of Practical Integrator:

Step1. In fig, fb is the frequency at which the gain is o dB and is given by

Fb = 1/ 2π R1 CF

In this fig, f is some relative operating frequency and for frequencies f to fa,

gain Rf/R1 remains constant. 

However , after fa the gain decreases at a rate of 20 dB/decade.

Step 2. The gain limiting frequency fa is given by

fa= 1/ 2π RF CF

Step3. generally the value of fa and in turn R1 CF and RF CF  should be selected 

such that fa < fb.

For eg. If fa = fb/10, then Rf= 10 R1

Step 4. In fact the input signal will be integrated properly if the time period

of the input signal T ≥ RF CF.



D. 

R

O

Y



D. ROY





Basic Differentiator





Frequency response of Basic Differentiator





Advantages :
A small time constant is sufficient to cause differentiation of the input signal
Limitations :
At high frequencies: a) the simple differentiator circuit becomes unstable and starts
to oscillate;
b) the circuit becomes sensitive to noise, that is, when amplified, noise dominates
the input/message signal.



V.IMP**







From the above plot, we observe that:  
• When f< fb, the circuit acts as a differentiator;
• When f>fb, the circuit acts as an integrator.

Frequency response of Practical Differentiator

https://en.wikipedia.org/wiki/Active_integrator_circuit


Practical Differentiator
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Design steps of Practical Differentiator

Step1)  Select fa equal to the highest frequency of the input signal to be differentiated

at which the gain is o dB and is given by  

fa = 1/ 2π RF C1 .

Step2) Assume a value of C1 < 1 uF,  ie. C1 = 0.1 uF/ 0.01uF , calculate the value of RF.      

Step3) The gain limiting frequency fb is given by  

fb= 1/ 2π R1 . C1

Step4) Choose fb = 10 fa and calculate the values of R1 and Cf so that 

R1 C1 = RF Cf







Applications:
1) The differentiator circuit is essentially a high-pass filter. 
2) It can generate a square wave from a triangle wave input and 
3) Produce alternating-direction voltage spikes when a square wave is applied. In ideal cases, a 

differentiator reverses the effects of an integrator on a waveform, and conversely. 
4) Hence, they are most commonly used in wave-shaping circuits to detect high- frequency 

components in an input signal. Differentiators are an important part of electronic analogue 
computers and analogue PID controllers. 

5) They are also used in frequency modulators as rate-of-change detectors.
A passive differentiator circuit is one of the basic electronic circuits, being widely used in

circuit analysis based on the equivalent circuit method.

https://en.wikipedia.org/wiki/High-pass_filter
https://en.wikipedia.org/wiki/Square_wave
https://en.wikipedia.org/wiki/Triangle_wave
https://en.wikipedia.org/wiki/Integrator
https://en.wikipedia.org/wiki/Waveshaping
https://en.wikipedia.org/wiki/Analogue_computer
https://en.wikipedia.org/wiki/PID_controller
https://en.wikipedia.org/wiki/Frequency_modulation
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Equivalent_circuit


To design a square wave generator using OP-
AMP 741 IC for  f=500Hz. 
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For generation of square wave the OPAMP is forced to operate in its saturation region. The voltage 
available at non-inverting input of OPAMP is obtained by potential-divider action.

V1 = (R2/R1+ R2/) Vo

So, V1 = β * Vo, where   β = R2 /( R1+ R2/)

The o/p Vo is also feedback to inverting I/p terminal where I/p voltage obtained is given by 

Vc = (1/RC) ∫ Vo dt.

Whenever Vc > Vref > β Vo  Switching takes place and square wave output is available from 
comparator developed by op-amp.

Theoretically: fo = 1/ 2RC 

Practically: fo = 1 /T 






